Halobacteriurn (h[.) halob1 um and 11. cutirubrura mutants res1 stant To fTfe ~anti -80S ribosome targeted inhibitor anisomycin were isolated. Three classes of mutants were obtained: Class I displayed a minimal Inhibitory concentration (MIC) to anisomycin of 10 ug/ml, class II of 25 ug/ml and class III of at least 400 ug/ml. In vitro polyphenylalan1ne synthesis assays demonstrated that in those cases tested resistance was a property of the large ribosomal subunit. By primer extension analysis, each mutation class could be correlated with a distinct base change within the peptidyltransferase loop of 23S rRNA. In class I A2472 was changed to C, 1n class II G2466 was changed to C and in the high-level resistant class III C2471 was replaced by U. A double mutantobtained by selection of a class I mutant for high-level anisoraycin resistance -acquired the C2471 to U replacement of class III 1n addition to the class I mutation. The results provide information on the action of a eukaryotic protein synthesis inhibitor on archaebacterial Mbosomes and demonstrate the suitability of organisms with a single rRNA transcriptional unit on the chromosome for direct selection of mutations 1n ribosomal RNA.
INTRODUCTION
Archaebacteria display a heterogeneous response to protein synthesis Inhibitors (1 -3) . One of the prominent features of the translatlonal system of extreme halophilic and of methanogenic organisms 1s that 1t 1s susceptible to antibiotics which had been considered as classic eukaryotic 80S ribosome Inhibitors (4, 5) . Of most Interest 1n this respect are compounds which Interfere with the peptidyltransfer reaction. Examples are anisomycin, nardclas1ne, bruceantin and some trichothecen antibiotics. They are potent Inhibitors of 1n vitro polypeptide synthesis systems 1n these organisms and they display the same cross-resistance relationship to the ribosorae of an1 soraydn-res1 stant Methanobacteri urn mutants as they do to 80S ribosomes of resistant mutants from yeast (6 
MATERIALS AND METHODS Organises and growth conditions

U¥-wutagenes1s
UV-mutagenesi s was performed as described by Miller (10) with some raodifications. Cells of H. haiobium or H. cutirubrum were harvested at an A._ o of 0.6 -0.8 by centrif ugati on at room temperature. The sedimented cells were suspended and diluted to about 10 per ml 1n 20 X NaCl containing 2 X MgSO.. 5,000 to 6,000 colonies of each strain were tested on plates containing 5 ug an1somydn/ml.
Determination of the •iniaal Inhibitory concentration (HIC)
MIC values were determined as described (1) . The antibiotics tested were anisomydn, erythrorayd n, tylosine, chloramphenicol, tiamulin and cyclohex1ra1de. Growth was monitored after 48 h at 420 nm.
Preparation of crude extracts, ribosones, Hbosoaal subunits and STOP
Cells of the halophilic bacteria were suspended 1n an equal volume of Mbosome buffer (11) and broken by passage through a French pressure cell at 104 HPa. The crude extract was obtained after two consecutive low speed centrifugations (10 min at 10,000 rpm, 20 m1n at 15,000 rpm). The upper 2/3 of the supernatant was used. Ribosomes were Isolated by centrifugation of the crude extract at 100,000 x g for 3 h. The preparation of the S100 was exactly as described (11) . 
In vitro polypeptide synthesis system
Poly(U) dependent polyphenylalanine synthesis was carried out as described (11) . In some cases, S100 and ribosoraes were substituted by S30 crude extract. 1 A 2 60
of the crude was used in this case. The incubation time was 2 h at 40°C.
Priier extension experiments
Total ribosomal RNA was isolated from 70S Hbosomes by the method described elsewhere (12) . 011gonucleotide primers were synthesized with a DNA synthesizer (Applied Biosystems), cleaved from the support and the protective acetyl group removed as described 1n the user bulletin of the manufacturer.
The ol1gonucleotides were purified by polyacrylamide gel electrophoresis (13, 14) . The cDNA sequences were determined by hybridizing 0.1 ug of the ol1gonucleotide, which had been JJM.
The reaction mixture was chilled on 1ce and the reaction stopped as described (17) . cDNA was fractionated on 8 % polyacrylaraide sequencing gels 1n the presence of 7 M urea.
Antibiotics
The antibiotics used were obtained from the following sources: anisomycin (Pfizer), erythromydn (Boehringer), tylosine and chlorampheni col (Serva); cyclohex1tn1de (Upjohn Co.), t1araul1n (Sandoz).
RESULTS
Muttnt Isolation
The minimal Inhibitory concentration (MIC) of anisomycin for ]H. haiobium and H^. cuti rubrum 1n liquid medium 1s 1n the range of 0.1 to 0.5 ug/nl (Fig. 1 ). Mutants were Isolated on pistes containing the antibiotic at 5 ug/ml; after the UV mutagenesis procedure employed, they appeared with a frequency of one amongst about 1,000 cells plated. The mutants were tested for their resistance level; three classes could be 
The nutations affect the 5OS subunit
The effect of anisomycin on 1n vitro polyphenylalanine synthesis was analysed to confirm that resistance 1s caused by
Mbosomal mutations and to test whether the different levels of 1n vivo resistance (see Fig.  1 ) show correlation with different 1n vitro sensitivities. Fig. 2 (results not shown).
These results indicate that anisomydn Since the complete primary structure of the h[. hai obi urn 23S rRNA gene was available (23) the "primer extension" method (16, 17) could be used for determination of any base alterations within the peptidyltransferase loop. Fig. 3 
DISCUSSION
Mutations causing anisoroydn resistance have been correlated with base changes at three closely linked positions within the pepti dyl transf erase loop of 23S rRNA from halobacteria. Due to the lack of a gene transfer system for these organisms there 1s no direct proof that these alterations are Indeed responsible for the resistance phenotype.
There are, however, a number of arguments which make 1t highly likely that the 23S rRNA sequence changes described are conferring resistance:
(1) identical mutations were Identified in two (closely related) organisms, H^. cutirubrum and H^. halobi unr, (11) independently Isolated mutants of each class possess the same base change and at Identical positions; (111) each type of 23S rRNA sequence alteration 1s correlated with a distinct resistance phenotype; (1v) each of the mutants analysed had a single base alteration within the cDNA primed by ol1gonucleotide 3 but not 1n those primed by olIgonucl eotides 1 and 2.
Corroborating evidence 1s also provided by the phenotype of the double mutant described.
It possesses the 23S rRNA sequence changes of both class I and class III mutants which act additively 1n Increasing resistance above the level conferred by class III mutations alone.
In a strict sense, however, we cannot preclude the possibility that some other mutation in 23S rRNA or in some ribosomal protein may contribute to the anisomycin resistance phenotype. 
Alterations
Lastly,
we would like to stress the usefulness of organisms with a single rRNA transcri ptional unit for the simple and rapid Isolation of rRNA mutants.
Many of the archaebacteria contain just a single copy of these genes (27) and since they display a unique pattern of susceptibility they may be valuable tools for studies on antibiotic target sites and on their mechanism of action.
